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Abstract. This paper deals with theoretical predictions 
for He burning models in a range of masses covering the 
so-called Red Giant Branch phase transition. Taking as 
a guideline the observational constraints given by Hip- 
parcos parallaxes to the predicted luminosity of models 
originated from Red Giant progenitors with He core un- 
dergoing electron degeneracy, we compare models by var- 
ious authors as recently appeared in the literature, dis- 
closing sensitive differences in the predicted luminosity. 
The "solidity" of these theoretical predictions is investi- 
gated by exploring the effects of varying the assumptions 
about the efficiency of core overshooting or the amount 
of mass loss, giving quantitative estimates of the related 
uncertainties. However, one finds that theoretical predic- 
tions concerning the luminosity of the red giant clump in 
the Hipparcos sample is scarcely affected by these mecha- 
nisms. A comparison among theoretical predictions 
as recently given by different authors convincingly 
demonstrates that the different luminosity predic- 
tions are the natural results of evolutionary codes 
with different - but all reasonable- input physics. 
In this context observations suggests that stellar models 
based on the "most updated" input physics are possibly 
overestimating the luminosity of these structures, raising 
doubts on several current predictions concerning the lu- 
minosity of HB stars in galactic globulars. 
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1. Introduction 



Hipparcos parallaxes for clumping He burning Red Gi- 
ants in the solar neighborhood have recently raised a large 
interest in the astronomical community, providing a new 
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valuable (though controversial) tool to approach the prob- 
lem of Magellanic Clouds distances (see, e.g., Udalski et 
al. 1998, Stanek, Zaristski et al. 1998, Cole 1998, Girardi 
et al. 1998). However, on theoretical grounds one has to 
notice that these parallaxes provide us for the first time 
with direct observational evidences for the luminosity of 
He burning stars whose Red Giant progenitors experi- 
enced electron degeneracy in the stellar core. Therefore 
providing a relevant test for the rather sophisticated in- 
put physics supporting current theoretical predictions con- 
cerning galactic globulars and, more in particular, con- 
cerning some relevant issues as the luminosity of RR Lyrae 
stars and the ages of halo stellar clusters. 

Such a test appears now of particular interest because 
of the growing rumor about a possible overluminosity of 
theoretical models for He burning stars with degenerated 
progenitors. As a matter of example, Pols et al. (1998) 
found that the He clump luminosity in the open cluster 
M67 appears 0.2 - 0.3 mag fainter than predicted on the 
basis of their evolutionary computations. Such a discrep- 
ancy appears larger than the expected uncertainties on the 
bolomctric correction and it appears further supported 
by independent evolutionary computations recently pre- 
sented by Castellani et al. (1999), hereinafter C99, which 
have discussed the severe difficulties in fitting the CM di- 
agram of that clusters. However, in the meantime, Girardi 
et al. (1998) presented a careful discussion on the lumi- 
nosities of Hipparcos He burning giants, which were found 
in splendid agreement with the adopted theoretical predic- 
tions. 

To throw light on such a scenario, in the next section 
we will discuss current predictions about the luminosity of 
He burning stars in a suitable mass range, disclosing the 
occurrence of sensitive differences among various authors. 
Section 3 will be devoted to a preliminary investigation of 
the uncertainties in theoretical results due to uncertain- 
ties on both the amount of extramixing from convective 
cores and the amount of mass loss in the pre-He burning 
phases. On this basis, in section 4 we will compare theo- 



2 



Castellani et al.: Theoretical scenario for He burning stars 



retical results with the observed mean luminosity of the 
red giant clump in the Hipparcos sample, concluding for 
the possible need of a revision of the " most updated" in- 
put physics used in recent evolutionary models. The origin 
of differences in the predicted luminosities are finally dis- 
cussed in section 5, by comparing the results of selected 
evolutionary codes to the light of the adopted physical in- 
gredients. A short section of concluding remarks will close 
the paper. 

2. Comparing theories 

According to Girardi et al. (1998), the Hipparcos sample 
of neighboring He burning giants is largely populated by 
stars with masses below or in the range of the so-called 
Red Giant Branch phase transition (RGB-pt). Since the 
pioneering paper by Sweigart et al. (1990) this range of 
stellar masses has been the subject of several careful evo- 
lutionary investigations. As well known, as we go from 
stars with M~l M Q to higher masses, we progressively 
find H-shell burning stars with a lower degree of electron 
degeneracy in their cores. Eventually, He is quietly ignited 
in the center of the structure. As a consequence, the mass 
of the He core at the He ignition progressively decreases, 
reaching a minimum at a star mass which depends on the 
original chemical composition. After this minimum, the 
He core grows again with mass, following the increasing 
size of the central convective core in the Main Sequence 
structures. 

Fig. 1 gives selected quantities concerning the behav- 
ior of He burning models across the RGB-pt as computed 
for Z=0.02 and the two alternative assumptions Y=0.27 
or 0.23. All models have been computed according to the 
theoretical scenario already presented in C99, which in- 
corporates all the most recent evaluations of the input 
physics. As everywhere in the following, quantities given 
in Fig.l refer to the first model which, after igniting central 
He, has already reached the HR diagram location where it 
will spend the major phase of central He burning. Let us 
here notice that the luminosity of these He burning mod- 
els is not related only to the mass of the He core. Initially 
this luminosity increases in spite of the decreasing He core, 
since the increased efficiency of the H burning shell over- 
comes the decreased output of He-burning reactions. How- 
ever, eventually the decrease of the He core dominates and 
the luminosity reaches its minimum, whereas the lifetime 
in the central helium burning phase increases following the 
decrease of the efficiency of the He burning reactions. The 
subject of the RGB-pt has been already widely debated in 
the literature (see, e.g., Renzini & Buzzoni 1986, Corsi et 
al. 1994, Girardi & Bertelli 1998 and references therein) 
and here it does not deserve further comments. 

However, Fig. 2 compares the luminosities given in 
Fig.l with similar results but by Girardi et al. (1998: G98 
hereinafter) . To our surprise, one finds that G98 luminosi- 
ties appear systematically fainter than in C99 by about 
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Fig. 1. Selected quantities depicting the behavior of stel- 
lar models across the Red Giant Transition as computed 
for solar metallicity (Z=0.02) and for the two choices 
about the amount of original helium Y=0.27 or Y=0.23. 
Top to bottom: i) the mass of the He core at the beginning 
of the major phase of central He burning, ii)the predicted 
luminosity of the same models and, iii) the predicted He 
burning lifetime. 



Alog L/L© ~ 0.1 -j- 0.15, which is far from being a negli- 
gible amount and, in turn, it appears of the right amount 
to solve the already quoted M67 discrepancy. 

Such an evidence prompted us to investigate similar 
data in the literature, aiming to find the origin of such 
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a difference. To this purpose, the same Fig. || shows the 
predictions already given in the literature on the basis of 
of the Frascati or Padua evolutionary codes before the 
last updating of the input physics. The figure gives the 
comforting evidence that luminosities from Castellani et 
al. (1992) appear in rather good agreement with similar 
data by Bressan et al. (1993). As we will further discuss in 
the next section, the slight underluminosity and the little 
difference in the RGB-pt mass of Bressan et al. models 
is only the expected consequence of their adoption of a 
moderate core overshooting scenario. 
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Fig. 2. He clump luminosity as a function of the stellar 
mass for Z=0.02 and by various authors, as la- 

beled; "over" marks evolutions with core overshooting. 

The same figure shows that the updated input physics 
adopted in C99 has the effect of increasing the luminos- 
ity of the models with a degenerate progenitors, accord- 
ing to the discussion already given in Cassisi et al. (1998) 
and in reasonable agreement with stellar models recently 
presented by Pols et al. (1998). However, one also finds 
that the new input physics in the Padua models (Girardi 
& Bertelli 1998, Girardi et al. 1999) has the opposite ef- 
fect, sensitively decreasing the predicted luminosities. As 
a whole, one finds that uncertainties on predicted lumi- 
nosities can be even larger than AlogL^O.l, leaving an 
unpalatable uncertainty in the current evolutionary sce- 
nario. 

On general grounds, one expects that the quoted dif- 
ferences are the results of differences either in the in- 
put physics or in the assumptions about the efficiency 
of macroscopic mechanisms, like core overshooting, which 
can affect the evolution of stellar structures. To discuss 
this point, in the next sections we will investigate the 
range of variability in current theoretical predictions, as 
produced by the various assumptions governing the evo- 
lutionary behaviour. 



3. Theoretical uncertainties in predicted 
luminosity. 

Making reference to the set of models presented in C99, 
in this section we will explore the influence on central He 
burning models of several assumptions concerning these 
structures, namely, i) the efficiency of core overshooting 
mechanisms, and, ii) the effect of mass loss. In this way 
we aim to reach a clear insight on the "solidity" of the 
result one is dealing with in the literature. 

Fig. H (upper panel) shows the effect on the model lu- 
minosity of selected choices about the efficiency of core 
overshooting when the original stellar mass is varied be- 
tween 1 and 3 M , while the lower panel in the same figure 
adopts the G98 representation to show the run of the same 
models in the HR diagram. Labels in these figure give the 
adopted amount of extramixing (in unity of the local pres- 
sure scale height) around the convective cores. In passing, 
note that comparison between this figure and Fig.l gives 
the already known evidence that the RGB phase transi- 
tion shifts to lower masses as the metallicity decreases. 

As already known, one finds that overshooting de- 
creases the mass of the RGB-pt (although it then occurs 
at a larger age) and, correspondingly, that the maximum 
luminosity reached by the models before the transition de- 
creases. However, one finds that for moderate amounts of 
overshooting such a decrease is rather small and, in any 
case, models with masses of the order of 1.2 M Q or lower 
are little affected by such a mechanism. In addition the 
minimum luminosity attained at the RGB-pt varies by 
only AlogL/L Q ss 0.03 between a standard model and a 
model with Z ol ,=0.25. 

Thus the differences in the assumptions about the ef- 
ficiency of overshooting can hardly be at the origin of the 
differences in Fig. ^| and, in turn, they cannot be used to 
reconcile Pols et al. (1998) or C99 computations with M67 
or Hipparcos constraints. 

The effect of mass loss deserves a bit more discussion. 
Here we will assume that mass loss occurs in the advanced 
phase of H shell burning, so that the internal structure of 
the He burning star is not affected by such an occurrence, 
which only decreases the amount of envelope surrounding 
the central He core. Under this assumption, the effect of 
mass loss on He burning models can be easily computed 
by simply decreasing the envelope of the constant-mass 
model. Fig. [I| maps the effect in the HR diagram of dif- 
ferent amount of mass loss from the selected models. The 
behavior depicted by data in this figure can be easily un- 
derstood as follows: 

i) As long as models develop strong electron degener- 
acy (i.e., for masses lower or of the order of 1.5 M Q ) the 
mass of the He core at the He ignition is the result of RGB 
evolution. As a consequence it is largely independent of the 
evolving mass and, in addition, it is little affected by mass 
loss (see, e.g., the discussion in Castellani & Castellani 
1993), thus He burning models with mass losing progen- 
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Fig. 3. Upper panel: The luminosity of He burning mod- 
els with Z=0.006 and Y=0.23 as a function of the stellar 
mass and for the various labeled assumptions about the ef- 
ficiency of core overshooting (l_ov), see text. Lower panel: 
the run of the same models but in the HR diagram. 



itors behave like models without mass loss but starting 
their evolution with the actual mass of the He burning 
model. In this case the evolutionary behavior with mass 
loss can be easily predicted in terms of canonical models 
without mass loss. 

ii) For larger stellar masses the He core at the He igni- 
tion is largely connected to the extension of the convective 
cores in the previous MS structures. As a consequence, the 
mass of the He core in He burning structures is now a sen- 
sitive function of the original stellar mass, whereas it keeps 
being little affected by mass loss, which mainly occurs in 
the post MS phases. In such case theoretical expectations 
for the luminosity abandon the location of canonical mod- 
els, as shown in Fig. 4. 

As an example, Fig. || gives theoretical predictions as- 
suming for all stars a common mass loss of 10%. 

This is intended to be a useful illustration of the ef- 
fect we get assuming reasonable mass loss along the RGB. 
However, one should keep in mind that the real situa- 
tion may well be more complicate. Assuming the Reimers 
(1975) mass-loss rates, for instance, one finds that stars 
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Fig. 4. The HR diagram location of He burning structures 
under different assumptions about the amount of mass loss 
in the pre He burning phase. Open circles give the location 
of models without mass loss with the labeled values of the 
stellar masses. The shift in the HR diagram expected by 
decreasing the total mass by step of 0.1 M© is shown for 
the four labeled values of the original mass. Dashed line 
gives the expected distribution for models having lost 10% 
of their original mass. 

of higher mass lose less mass along the RGB. This is so 
because they have lower RGB-tip luminosities, evolve at 
higher effective temperatures, and have a shorter RGB 
lifetime. In this case, stars more massive than about 
1.5 Mq would lose negligible amounts of mass on the RGB, 
contrarily to the lowest-mass ones (see fig. 6 in Girardi 
1999). In the context of the present discussion, this means 
that mass-loss is expected to be less effective exactly in the 
mass range in which it would more affect the luminosity 
of the He-burning models, i.e. in the left part of Fig. 4. 

4. The Hipparcos constraints 

In Sect. 3 we have explored the influence of physical effects 
which are badly understood and the treatment of which 
is usually done in parametrized form in stellar evolution 
codes. Having discussed the scenario of these theoretical 
uncertainties, let us here attempt to use Hipparcos con- 
straints to test the already quoted different predictions 
concerning the luminosities of He burning stars. Follow- 
ing the careful discussion given by G98 about the clump 
population, one finds that for any reasonable assumption 
about the age spread of field stars one predicts the bulk 
of the clump to be populated by stars below the transi- 
tion mass, whose luminosity is practically insensitive to 
assumptions about the efficiency of overshooting. Coming 
back to Fig. 2, one finds that at a solar metallicity C99 
predictions give for these stars a luminosity larger than 
G98 by about AlogL=0.1. More in general, comparison 
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of data in G98 and C99 shows that the two evolutionary 
scenarios have a rather similar dependence of luminosi- 
ties on the chemical composition, thus with the quoted 
systematic difference at any given metallicity. 

" Sic stantibus rebus" , the already quoted evidence that 
G98 evolutionary scenario appears able to nicely fit the 
Hipparcos mean magnitude of clumping He burning stars, 
implies that C99 must predict too luminous giants, run- 
ning against the Hipparcos evidence. This has been con- 
firmed by independent simulation of the clump population 
based on C99 evolutionary tracks, as transferred into the 
CM diagram by adopting model atmospheres by Castclli 
et al. (1997a, b). Data in Fig.l gives the additional evidence 
that reasonable variations in the assumed original He con- 
tent cannot decrease the C99 predicted luminosity by the 
required amount. Therefore one concludes that G98 evo- 
lutionary scenario works better. 

However, for the sake of the discussion one has to no- 
tice that there is -at least in principle - a way to reconcile 
C99 prediction with Hipparcos observations. Fig. 4 in this 
paper shows that a substantial amount of mass loss could 
lower the C99 predictions by the required amount of about 
AlogL^O.l. As an example, one would require a mass loss 
by about 0.9 M Q for a 2.0 M , and by about 0.6 M for a 
1.5 M model. This, however, appear a too large require- 
ment vis-a-vis current estimates for mass loss. Taking also 
into account the uncertainties on evolutionary parameters 
of the field population in the solar neighborhood, we re- 
gard the previous discussion not as a proof, but at least as 
a suggestion that the most updated models, as C99 are, 
when dealing with the progeny of degenerated RG tend to 
give too luminous He burning models. 

5. Model differences 

It appears of obvious relevance to address the problem of 
the discrepancies between the models by G98 and C99, 
trying to understand them in terms of different descrip- 
tions of the input physics. We leave out differences in the 
actual treatment of the input physics (e.g. interpolation in 
and between opacity tables) , which we think are of smaller 
influence and might contribute to a minor part of the vari- 
ations in the clump luminosities as shown in Fig. 2. 

Since the most important quantity determining the 
core helium burning luminosity is the core mass at the he- 
lium flash, we will concentrate on this parameter. Fig. ^| 
shows that the 1 M G98 models have core masses lower 
by « 0.03 Mq compared to C99 at the time of helium igni- 
tion at the RGB tip. Fig. || is made for solar composition 
but we checked that even for other metallicities and he- 
lium abundances the differences in the He core mass are 
very similar. 

We have identified the following differences in the input 
physics used in the two evolutionary programs ( "Padua" 
for G98 and "FRANEC" for C99 models) under considera- 
tion (other aspects such as reaction rates, electron screen- 
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Fig. 5. Comparison between the helium core mass at he- 
lium ignition from G98 and C99 models. Chemical com- 
position as labeled. 



ing, mixing-length formalism, etc., are to great extent 
identical) : 

1. Plasma neutrino emission: G98 use Munakata et al. 
(1985) for logT > 7.7, while C99 use Haft et al. (1994); 

2. Electron conduction: G98 employ Hubbard & Lampe 
(1969), C99 Itoh et al. (1983); 

3. Radiative opacities: the '92 tables by OPAL (Rogers 
& Iglesias 1992) are used in G98, while the '96 ones 
(Iglesias & Rogers 1996) are those in C99; 

4. Equation of state: C99 use the new OPAL-EOS ta- 
bles (Rogers et al. 1996) extended by that of Straniero 
(1988) in those regions where the OPAL-EOS does not 
exist (see Cassisi et al. 1998 for more details). G98 use 
their own analytic EOS, which takes into account par- 
tial ionization of hydrogen and helium, degeneracy and 
Coulomb-effects, and which has been described in Gi- 
rardi et al. (1996). 

The influence of some of these differences could be inves- 
tigated quite easily because the two codes to some extent 
allow the selection of several sources of input physics. The 
tests were done for different cases of initial chemical com- 
position and mass. 

Neutrino emission. For the composition Y = 0.27, Z = 
0.02 and an initial mass of 1.2M we find that M c de- 
creases from 0.482 to 0.476 (-0.006) M , if we switch 
from the Haft et al. (1994) back to the older Munakata et 
al. (1985) neutrino emission rates (FRANEC code). This 
is the same result as Cassisi et al. (1998; models 8 and 
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7 in their Table 1) obtained for an 0.8 M© model with 
Y = 0.23, Z = 0.0001 and also identical to what we find 
in the case of the Padua-code for the same model. In the 
latter case, we also verified that using the Munakata et 
al. (1985) emission down to logT = 7.4 increases the He 
core mass by w 0.001 M . Therefore, the total budget of 
core mass reduction due to the G98 treatment of neutrino 
emission physics amounts to 0.007 M©. Recall that for the 
1.2 M© model, the G98 value for M c is 0.024 M© smaller 
than that of C99. 

Opacities. We checked the effect of electron conduction 
opacity by switching in the FRANEC code from Hubbard 
& Lampe (1969) to Itoh et al. (1983) electron conduction 
opacities. The radiative opacities in these test cases are of 
a generation older than OPAL, but the differential effect 
of changing condution opacities can safely be assumed to 
be largely independent of the radiative opacities. The test 
model was a 1.5 M star of Y = 0.27, Z = 0.02. The use 
of the older conductive opacities (i.e. those used by G98) 
leads to a reduction of 0.008 M© in M c . 

The influence of switching from the '92 to the '96 
OPAL opacities was not tested, but according to our expe- 
rience it should be minor compared to that of the electron 
conduction. 

Equation of state. The EOS being a complicated part of 
both programs, we could not easily exchange one for the 
other. However, we could perform the following test: we 
took the pressure and temperature stratification of a C99- 
model on the RGB and applied the G99-EOS to it in order 
to obtain the density. We compared with the original C99 
density stratification. The result is shown in Fig. ^ for a 
RGB model with Y=0.238, Z=0.004: while the core would 
have densities higher by about 1.5% in the Padua code, 
the envelope would be less dense by 1-2%. Both effects 
reflect the evolutionary changes along the RGB, such that 
a G98-model would appear to be more evolved than a C99 
one. Therefore, also the difference in the EOS is expected 
to lead to a lower core mass at helium ignition for the G98 
calculations. 

From these three investigations we conclude that with 
the differences in neutrino emission rates and conductive 
opacities we can explain almost 60% of the discrepancy 
in core mass. This moves the G98 core masses already 
within the general spread of results. At least part of the 
remaining difference can be ascribed to the EOS. 

Finally, we have compared results with three further 
codes, which use almost identical input physics as C99, 
in particular with regard to radiative opacities, neutrino 
emission and electron conduction. With regard to the 
Garching stellar evolution code (see, e.g., Schlattl & Weiss 
1999) we find that M c is 0.004 M© larger in the C99 mod- 
els for a 0.8 Mq star of Y = 0.23 and two metallicities, 
Z = 0.0001, 0.001. This small difference can be under- 
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Fig. 6. Relative difference in density stratification be- 
tween C99 and G98 EOS for an RGB model (see text). 

stood as being a consequence of the fact that more (0.004) 
helium is dredged up in the C99 models. 

Finally, evolutionary calculations by Pols et al. (1998) 
and Dominguez et al. (1999) with their respective codes 
(Pols et al. 1998; Straniero et al. 1997) reveal for various 
chemical compositions a very high degree of agreement 
with those of C99 as shown in Fig [j| including M c , which 
differs by less than 0.01 M© between Dominguez and C99. 

We therefore can conclude that more than half of the 
difference in the core mass at helium ignition between 
G98 and C99 can be removed by adopting the same neu- 
trino emission rates and electron conduction opacities; us- 
ing identical EOS would lead to further convergence, al- 
though we cannot quantify this point. At the same time, 
codes with identical physics do indeed result in very sim- 
ilar core masses which differ at a level of a few 10 -3 M© 
only. Therefore, the differences between the G98 and C99 
results concerning this quantity are well understood as a 
consequence of different physical inputs. Note that tak- 
ing from the literature (see e.g. Sweigart & Gross 1978) 
AlogL/L© ks 3.4 AM C for stars with degenerate progen- 
itors, the difference in M c explains the difference 
in luminosity among the various models in Fig. 2, 
with the exception of predictions by Bressan et al. 
(1993) that reveal the contribution of some other 
difference than the core mass only. As a conclusion, 
the different predicted luminosities we are dealing with 
appear as the natural results of evolutionary codes with 
different - but in both cases reasonable - input physics 
and thus as an example of the intrinsic unavoidable un- 
certainties in any current evolutionary scenario. 



Castellani et al.: Theoretical scenario for He burning stars 



7 



4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0.0 



-0.5 
3.80 



4.0 
3.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
0.0 
-0.5 





M=1 Mo 








'it' ' 




// 
// 
1 


V 1 




II 


- - Pols et al. 1998 (Z=0.02 Y=0.28) 




II 


present work : 















3.75 3.70 3.65 3.60 3.55 3.50 
LogTe 



M=1.5 Mo 




- present work (Z=0.02 Y=0.27) 
Domingucz el al. 1999 (Z=0.02 Y=0.28) 



3.85 3.80 3.75 3.70 3.65 3.60 3.55 3.50 
LogTe 



Fig. 7. Upper panel: comparison between the 1 M© model 
with solar compositions from Pols et al. (1998) and from 
C99; lower panel: comparison between the 1.5 M model 
with solar compositions from Dominguez et al. 1999 and 
from C99. 



code, as used in Girardi et al. (1998). Even if the argu- 
ment is still open to further investigation, we feel that 
the discussion presented in this paper raises - at least - 
serious doubts on the capability of the most recent "up- 
dated input physics" of correctly predicting the luminosity 
of He burning stars as originated from progenitors which 
underwent strong electron degeneracy. Therefore giving a 
serious warning about the uncritical acceptance of theo- 
retical predictions concerning the luminosity of HB stars 
in galactic globulars and, in turn, all the related quanti- 
ties. 

In this respect, we note that observational evidences 
concerning the luminosity of globular HB stars are far 
from being clear. Caputo et al. (1999) have recently dis- 
cussed RR Lyrae variables in the globular M5 showing 
that their pulsational properties possibly suggest a lumi- 
nosity lower than predicted by C99 models. However, Cas- 
sisi et al. (1999) and Salaris & Weiss (1998) used HB stars 
brighter than G98 predictions to derive cluster distance 
moduli which appear in excellent agreement with some in- 
dependent evaluations based on Hipparcos parallaxes for 
field subdwarfs. Here we can only conclude that the mat- 
ter deserves further investigation, to decide whether or not 
the mass loss can reconcile " most updated" stellar models 
with Hipparcos constraints for the clump of He burning 
stars in the solar neighborhood. 

Before closing the paper, let us notice that all the com- 
putations discussed in the paper agree in predicting He 
burning stars systematically brighter when the metallic- 
ity is decreased. The theoretical predictions are illustrated, 
e.g., in the figure 1 of G98, and figure 12 of C99. This has 
important implications for the method of distance deter- 
mination based on clump stars, since it indicates that the 
clump population observed in nearby galaxies may have 
an intrinsic luminosity different from the local stars sam- 
pled by Hipparcos. In the case of the Magellanic Clouds, 
this difference may amount to 0.2 - 0.3 mag, as inferred 
by Cole (1998) and G98. 



6. Conclusions 

As it is well known, and as recently explicitly reiterated, 
e.g., in Castellani (1999), the widespread use of the Henyey 
algorithm in producing stellar models assures that differ- 
ent codes with identical input physics must produce quite 
similar results. In this paper we presented several evi- 
dences, as taken from the literature, supporting such an 
occurrence. Thus evolutionary models are as " good" as the 
adopted input physics is. In this paper we have however 
shown that models based on different, but all "reason- 
able", physics inputs may have sizable differences in the 
predicted luminosity of He burning low mass stars. 

Testing these theoretical predictions on the absolute 
magnitudes given by the Hipparcos satellite for He burn- 
ing stars clumping in the field, one finds several indica- 
tions for preferring the luminosity predicted by the Padua 



7. Acknowledgments 

It is a pleasure to thank O.R. Pols and O. Straniero for 
kindly providing us with the evolutionary tracks from Pols 
et al.(1998) or Dominguez et al. (1999). A. Chicffi and 
M. Limongi are acknowledged for helpful discussions. The 
finantial support of the "Ministero della Universita e dclla 
Ricerca Scientifica e Tecnologica" to the project Stellar 
Evolution is kindly acknowledged. 

References 

Bressan A., Fagotto F., Bertelli G., Chiosi C, 1993 A&AS 
100,647 

Caputo F., Castellani V., Marconi M., Ripepi V. 1999, MNRAS 
306,815 

Cassisi S., Castellani V., DegPInnocenti S., Weiss A., 1998, 
A&AS 129, 267 



8 



Castellani et al.: Theoretical scenario for He burning stars 



Cassisi S., Castellani V., Degl'Innocenti S., Salaris M., Weiss 

A., 1999, A&AS 134, 103 
Castellani M., Castellani V. 1993, ApJ 407, 649 
Castellani V., 1999, in Proceedings of "Evolving evolution", 

Carloforte (Cagliari) , T.Zanzu, V. Testa & M. Bellazzini 

eds. 

Castellani V., Chieffi A., Straniero O. 1992, ApJS 78, 517 
Castellani V., Degl'Innocenti S., Marconi M., 1999, MNRAS 
303,265 (C99) 

Castelli F., Gratton R.G., Kurucz R.L., 1997a, A&A 318, 841 
Castelli F., Gratton R.G., Kurucz R.L., 1997b, A&A 324, 432 
Cole A.A., 1998, ApJ 500, L137 

Corsi C.E., Buonanno R., Fusi Pecci F. et al., 1994, MNRAS 
271, 385 

Dominguez I., Chieffi A., Limongi M., Straniero O., 1999, ApJ, 
524,226 

Girardi L., 1999, MNRAS 308, 818 

Girardi L., Bertelli G. 1998, MNRAS, 300, 533 

Girardi L., Bressan A., Chiosi C, Bertelli G., Nasi E., 1996, 

A&AS 117, 113 
Girardi L., Groenewegen M.A.T., Weiss A., Salaris M. 1998, 

MNRAS 301, 149 (G98) 
Girardi L., Bressan A., Bertelli G., Chiosi C, 1999, A&AS, in 

press 

Haft M., Raffelt G., Weiss A., 1994, ApJ 425, 222 
Hubbard W.B., Lampe M., 1969, ApJS 163, 297 
Iglesias C.A, Rogers F.J., 1996, ApJ 464, 943 
Itoh N., Mitake S., Iyetomi H., Ichimaru S., 1983, ApJ 273, 
774 

Munakata H., Kohyama Y., Itoh N., 1985, ApJ 296, 196 
Pols O.R., Schroeder K-P, Hurley J.R., Tout C.A., Eggleton 

P.P. 1998, MNRAS 298, 525 
Reimers D., 1975, Mem. Soc. R. Sci. Liege, ser. 6, vol. 8, p. 369 
Renzini A., Buzzoni A., 1986, in "Spectral Evolution of Galax- 
ies", eds. Chiosi C, Renzini A., Dordrecht: Reidel, p. 195 
Rogers F.J., Iglesias C.A., 1992, ApJS 79, 507 
Rogers F.J., Swenson, F.J., Iglesias C.A., 1996, ApJ 465, 902 
Salaris M, Weiss A, 1998, A&A 335, 943 
Schlattl, H., Weiss, A., 1999, A&A, 347, 272 
Stanek K.Z., Zaritsky D., Harris J., 1998, ApJ 500, L141 
Straniero O., 1988, A&AS 76, 157 

Straniero O., Chieffi A., Limongi M., 1997, ApJ 490, 425 
Sweigart A.V., Gross P.G. 1978, ApJS 36, 405 
Sweigart A.V., Greggio L., Renzini A. 1990, ApJ 364, 527 
Udalski A., Szymahski M., Kubiak M. et al., 1998, Acta Astr. 
48, 1 



